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ABSTRACT

Polygalacturonase (PG) is vital amid natural products like juice clarification processes for the
debasement of insoluble thick pectinacious mixes. Pectinase by breaking down the gelatinous
substance found in juices, better known as pectin, helps to separate the juice and the mash from
each other as well as clarify the turbidity which is unwanted. It makes clarification of wine
possible and easy, which the gelatinous compound can make turbid. The following text will
emphasize on the examination where PG ( Polygalacturonase) from A. awamori MTCC 9644,
under the state of solid state fermentation of Citrus reticulate (orange),acquired from wine
making industry, was dried and utilized to deliver the protein which was then used to determine

the enzymatic activity in proof of the best conditions for its optimal production.

Keywords: Polygalacturonase, pectinase, pectin, Solid state fermentation, fungal culture,

enzyme.



CHAPTER 1
INTRODUCTION

1. 1. Pectic substances as substrates

Juice industry is a thriving business section of the whole food and nutrition industry. The main
waste product produced by this section is the leftover pomace which makes up 50% of the fruit
(w/w). The pomace is acquired after extraction of juice after two pressings which confine the
water weight to around 65 to 75 %. The pomace is then pelletized after drying to be showcased.
Pomace has various applications including flavorings or extraction of pectinacious compounds,
production of creature sustain, the generation of biscuits, accordingly expanding its business
esteem in the market and diminishing the industrial waste.

Pectin are a group of composite polysaccharide which has various functions in higher plants.
This consortium of white, shapeless complex sugars with high atomic weight aides the higher
plants in maturation of fruits and vegetables, provides strength and structure. The most
noteworthy grouping of this gelatinous compound is found in the center lamella of cell wall,
with a progressive degradation as one goes through the essential divider toward the plasma
layer. Orange peels are especially rich with pectin content and are one of the wealthiest pectin
source.The qualities structure of pectin is a direct chain of a (B-1-4)- connected to D-
galacturonic acid that structures the proteinspine, a homogalacturonan. They are usually
concentrated in the cell wall and center lamella with a steady abatement as one goes through the
essential divider towards plasma layer. Immovability and structure to plant tissues is provided
by pectic substances namely pectin, protopectin and pectic acids.(Niharika Sood et al., 2014)
Restrictively hydrolysing protopectin yields pectin or pectinic acid to which protopectin is a
precursor. Chemically, protopectins are water insoluble which gives birth to water soluble
pectic substances. (Kilara, 1982). Pectic and pectinic acids, both fall under the category of
galacturonans. Pectic acids on one hand contain irrelevant measures of methoxyl groups.

Normal or acidic salts of pectic acids are called pectates.
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Figure 1.1 Structure of pectin demonstrating the four pectic polysaccharides homogalacturonan
(HG), xylogalacturonan (XGA), rhamnogalacturonan | (RG-I) and rhamnogalacturonan Il (RG-
I1) connected to each other.(M.debra,2008).

Pectinic acids, on the other hand, contain within themselves substantial quantity of methoxyl
groups. Pectinates are usually the partially esterified salts of pectinic acid (Kilara, 1982).
pectinic acid solely possesses the exceptional quality of framing gel with sugar and acid or, if
suitably low in methyl content, with certain different mixes, for example, calcium salts. With
60-90% esterified carbonyl side groups (mainly with methanol), 1, 4-glycosidic linkages are
expressed by D-galacturonic acid units in pectic substances. Frequent linkages between the side
chains of arabinan, galactan or arabinogalactan are observed, with rhamnose unit embedded into
the primary uronide chain. The various structural configurations give rise to different types of
pectic substances, necessitating different structural configuration in pectinases. Plant pathology
depends on the capability of pectinase to break down pectin for nutritional purposes. Leafy
foods contain a large amount of pectic substances (eg- in turnips, peels of orange and in pulps
of tomato, pineapple and lemon) henceforth they frame essential normal substrates for
pectinases. In light of the compound corruption mechanism, pectinases are processed through

depolymerizing and de-esterification steps.
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Fig. 1.2 pectin structural elements

Since the 1940s, pectinases have been utilized for some modern applications. Pectinases are
essentially utilized for expanding filtration productivity and clarifying natural juices, in wood
protection and utilized in maceration, liquefaction and extraction of vegetable tissues. Different
reports and surveys are accessible on the generation and utilization of pectinases. As of late
pectinases have been utilized as a part of the paper and mash industry along with cellulases,
plant pathology and in protoplast combination technology. Barely any current surveys have
featured the biological and innovative significance of pectinases. Almost 75% of mechanical
proteins in 1995 has been contributed bypectinases. Novozymes (Denmark), Novartis
(Switzerland), Roche (Germany) and Biocon (India) are some vital business makers of

pectinases.
1.2 Role of microbes

Pectinases are a group of no less than seven diverse enzymatic exercises that add to the
breakdown of gelatinous material known as pectin which is a basic polysaccharide found in
essential cell divider and center lamina of products of the soil. Pectolysis is a standout amongst
the most essential procedures for plant as it assumes a part in cell prolongation and
development and additionally fruit maturing. Microbial pectolysis is essential in plant
pathogenesis, advantageous interaction and deterioration of plant deposits (Lang and

Dornenberg, 2000). The fundamental wellspring of the microorganisms that deliver



pectinolytic compounds are yeast, microorganisms(fungi, bacteria) and vast assortments
insects, nematodes and protozoas (Luh et al., 1951; Whitaker, 1991; Patil and Dayanand,
2006b; Yadav et al., 2009; Jayani et al., 2010). In this way by separating gelatin polymer for
nourishing purposes, microbial pectolytic enzymes assume a critical part in nature (Yadav et
al., 2009). These chemicals are inducible, delivered just when required and they add to the

regular carbon cycle (Hoondal et al., 2000).

Microbial pectinases represent 10-25% of the worldwide food and industrial enzyme sales
(Stutzenberger, 1992; Singh et al., 1999; Jayani et al., 2005; Murad and Azzaz, 2011) and their
market is expanding step by step. These are utilized widely for juice clarification, juice
extraction, production of pectin free starch, refinement of vegetable filaments, degumming of
pure fiber, waste water treatment, curing of espresso, cocoa and tobacco and as a scientific
apparatus in the appraisal of plant items (Alkorta et al., 1998; Singh et al., 1999).

Pectin corruption can be introduced with the help of various chemicals and are alluded by a few
distinct names, which can be very befuddling. Enzymes might utilize the basic degradation
processes, trans-elimination or hydrolysis, the last performed by lyases (Kashyap et al., 2001).
The most rich pectinolytic enzymes arranged under GH28 are Polymethylgalacturonase,
endopolygalacturonase  (pectin  depolymerase, pectinase), exopolygalacturonase and
exopolygalacturanosidase and can hydrolyse the polygalacturonic side chains by inclusion of
water (Kashyap et al., 2001; Jayani et al., 2005; da Silva et al., 2005). Falling under the GH
family 28, 78 and 106, a-L-rhamnosidases (EC 3.2.1.40) hydrolyze rhamnogalacturonan in the
pectic spine. found in 5 diverse GH families, a-L-arabinofuranosidases (EC 3.2.1.55) is capable
of hydrolysing L-arabinose side-chains and endo-arabinase (EC 3.2.1.99, GH43) follows up on
arabinan side-chains in gelatin (Takao et al., 2002). It takes both of the above mentioned
enzymes to debase branched arabinan in order to yield L-arabinose (Spagnuolo et al., 1999).
GH resembling polysaccharide lyases contains, e.g. polymethylgalacturonate lyase (gelatin
lyase, EC 4.2.2.10), polygalacturonate lyase (pectate lyase, EC 4.2.2.2), and
exopolygalacturonate lyase (pectate disaccharide-lyase, EC 4.2.2.9) and functions to sever
galacturonic acid polymer by a-disposal. It is characterized under arrangement related families
(Marin-Rodriguez et al., 2002; Jayani et al., 2005). Pectinesterase (pectinmethyl esterase,
pectinmethoxylase, (EC 3.1.1.11) de-esterify the methyl ester linkages of the pectin spine
(Jayani et al., 2005).



1.3 Pectinases

Microbial sources have been exploited for numerous products fit for human use. One of the
most critical products are enzymes. They are the Bio-dynamic proteins that control numerous
synthetic changes in living tissues. Territories, namely industrial, environmental and
nourishment biotechnology utilize enzymes in countless procedures at one stage or the other.
Improvements in biotechnological procedures are expanding the application of these proteins. A
consortium of proteins responsible for degradation of pectic substances is known as pectinases.
It involves around 25% of the aggregate nourishment catalysts sale(Jayani et al., 2005).
pectinases can be easily categorized into 3, namely, pectinesterase, pectinlyase and
polygalacturonase (PG). Among them, PG is responsible for hydrolysing a-1, 4 glycosidic
linkages of polygalacturonic acid chain which then discharges galacturonic acidic deposits
(Kant, Vohra and Gupta, 2013). pectinases are distributed among the microbial sources
including yeast, fungi and bacteria despite of the fact that it is majorly observed in higher plants
and nematodes. Mostly microbial sources are utilized for the modern creation and application in
a few procedures including natural juice clarification, degumming and retting of plant strands,
treatment of pectic waste water, coffee and tea fermentation, paper and mash industry, oil
extraction and so on (sood et al., 2014).

They are broadly utilized as a part of the nourishment business to enhance the cloud security of
nectars acquired from foods grown on the ground, for manufacturing and clarification of
organic juices, and for turbidity expulsion from wines (Cavalitto et al., 1996). Besides,
phytopathologic studies have revealed that parasitic endo-polygalacturonase (endoPGase)
which is a noteworthy sort of pectinase has been appeared to actuate plant resistance reactions,
including phytoalexin build-up, lignification, union of proteinase inhibitors, and putrefaction
(Cervone et al., 1989).

Additional explorations have confirmed that the process is that the endoPGase can corrupt the
plant cell divider discharging pectic oligomers which can invigorate a wide exhibit of plant
protection reactions (Cote and Hahn, 1994; Boudart et al., 1998).

10
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Figure 1.3. Mode of activity of pectinases associated with the debasement of homogalacturonan,
rhamnogalacturonan I and xylogalacturonan. Terminal end of rhamnogalacturonan I is
presented in gray to stress which suggests exo-activity just exists with a solitary sugar moiety.

1.4 Solid State Fermentation

Solid state fermentation (SSF) has been completed for the generation of 75 of industrially
helpful PGs by various microorganisms like Penicillium sp. (Silva, Martins, Da Silva, and
Gomes, 2001; Silva, Martins, Leite, Silva, Ferreira, and Gomes, 2007).Among them, acid
stable PGs from Aspergillus sp. are basically utilized as a part of organic product juice
clarification process. The unrefined chemical concentrate acquired after SSF process contains
a blend of metabolites including a lot of melanine like color compounds (Aikat, Maiti, and
Bhattacharyya, 2001) that can meddle in the juice clarification process. Subsequently,
downstream preparing is basic for the purging of target chemical before any particular
business application. Choice of least number of separation steps with high particular activity or
purity and high recuperation is suggested for the practical utilization of extracted

enzyme.(Tapati Bhanja Dey et al ., 2014).

Fruit, paper and fabric enterprises have potential for application of pectinase. Aside from these
industrial applications, Protoplast fusion technology and plant pathology have significant
biological application of these enzymes. The ever growing application of pectinases in various
fields makes it imperitive to comprehend the nature of properties of these proteins for
productive and successful utilization. The demonstration of fungal secludes from regular pectic

substrates multienzyme generation and polygalacturonase, demonstrated that the greatest out of
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eighty pectinolytic fungal isolates that were acquired by enrichment culturing and ruthenium
red plate Assay (K. Anuradha - et al’). the most noteworthy polygalacturonase activity was
observed with Aspergillus awamori MTCC 9166 which prompted the choice of A. awamori sp.

for creation of PG.

Many experiments have been conducted to search for the best suited substrate in order to yield
the maximum enzyme production. The authors of the paper-“Use of Pectin Rich Fruit Wastes
for Polygalacturonase Production by Aspergillus awamori MTCC 9166 in Solid State
Fermentation” (P.Naga Padma?2 et al), considered the generation of PG utilizing diverse pectin
rich natural product wastes like apple peel, banana peel, citrus (orange) peel, jackfruit skin,
mango peel, and pine apple peel and it was seen that jackfruit skin demonstrated most elevated
generation. Additionally in look into article Katsuichi Saito et al., 2004, purification of the
extracellular pectinolytic enzyme from the organism Rhizopus oryzae NBRC 4707, filteration
to homogeinity of the solid state culture of Rhizopus oryzae NBRC 4707 was progressed with
segment chromatography on CM-Toyopearl 650 M and hydroxylapatite. SDS-polyacrylamide
gel electrophoresis was the technique utilized to assess the atomic weight of the protein which
came out to be 31,000 and was reduced to 29,700 after treatment with endoglycosidase H.
maximum activity was noticed on pH close to 4.5 and at temperature 45°C.

Since the reaction product came out to be oligogalacturonides, the protein was perceived to be
endopolygalacturonase. Upgradation in the arrangement of lactic acid and ethanol was
observed with inclusion of crude enzyme processed on potato pomace with R.oryzae. In the
paper — 'Decontamination of polygalacturonase from A. awamori nakazawa MTCC 6652 and
its application in compressed apple clarification’ by Tapati Bhanja Dey et al distributed in
LWT Food and science innovation (2014), the creator utilized An awamori nakazawa MTCC
6652 for the generation of PG utilizing mosambi pomace as a substrate for the Aspergillus to
bolster on.high purification crease and yield was attained with the utilization of activated
charcoal which refined the enzyme effectively and in solitary advance from solid state culture
of A.awamori nakazawa. The refinement procedure is extremely basic, efficient and monetary.
The cleansed PG was in part described and connected effectively for the apple juice

clarification.
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CHAPTER 2
LITERATURE REVIEW

2.1 History of pectinase research

Understanding the complex structure of pectic substances, various tools and mechanism it
utilizes to degrade pectin, was the stepping stone in the historical backdrop of pectinases. This
led to the microbial creation of pectinases which ended up prominent for many years. Delivery
of pectinase by various microorganisms namely yeasts, fungi and bacteria was also observed.
Demonstrations confirmed that various carbon sources can be employed in order to generate
pectinase and that they are infact inducible. Over the span of time, various reports have showed
up on the advancement of maturation and microbiological parameters and diverse aging systems
for the generation of pectinases. Arrival of sub atomic sciences instigated many experiments
which were performed successfully eg- cloning and articulation of pectinase qualities in
different hosts. The cloned qualities including the pectinase qualities from Aspergillus aculeatus
in yeast was surveyed by Dalbgge. The purging and enhanced learning of catalyst properties is
basic, keeping in mind that the end goal is to utilize pectinases as an appropriate mechanical
biocatalyst and to utilize the procedure for various other purposes. Aspergillus niger pectinases
are most broadly utilized as a part of enterprises since this strain holds GRAS (Generally
Regarded As Safe) status so metabolites delivered by this strain can be securely utilized.This
fungal strain produces different pectinases including polymethylgalacturonase (PMG),
polygalacturonase (PG) and pectinesterase (PE). Be that as it may, specific pectinases are
utilized for particular purposes, for instance just PG is utilized as a part of infant nourishment

items.

A compelling methodology is recombinant genetic strategies by which particular pectic
catalysts can be incorporated in various hosts. Keeping in mind the end goal to accomplish
this, the first protein might be filtered and described to decide the succession. For this reason,
different scientists have concentrated on purification, strength and catalytic execution of
pectinases from different sources. protopectinase (corrupting protopectin), Oligogalacturonases
(debasing D-galactosiduronates) exists. The nature of response determines the classification of

pectinases. The main difference between Exo and Endopectinases is the exopectinase utilizes
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the substrate to degrade it into irregular design while exopectinases separates in end-wise

mold. (Sathyanarayana N. Gummadi et al., 2014).

Orange juice is a standout amongst the most prevalent juices devoured everywhere throughout
the world. Since the crude juice obtained after the compression of oranges holds the quality of
turbidity, viscosity, cream hued and tends to settle down while storage, hence, it becomes
necessary to clarify the juice for its commercialization. The above said problems are caused by
pectin and degradation of these pectic substances is aided by pectinase and becomes the
principle venture in the basic clarification processes keeping in mind that the end goal is to
build juice vyield, clarity, sweetness and self-existence with less viscosity. The quick
improvements in biotechnological protocols are restricted by the pH, thermal stability, enzyme
deactivation and stability. Stability research likewise provides us with important data about
structure and capacity of proteins. Upgrading the strength and keeping up the coveted level of
action over a long stretch are two imperative focuses considered for the choice and plan of
pectinases. The main influential factors on the strength of the enzyme are both physical (pH
and temperature) and substance parameters (inhibitors or activators). The ideal pH for
Rhizopus stoloniferendo-Polygalacturonase was steady in the pH extends 3.0-5.0 and this
protein is exceptionally particular to non-methoxylated PGA. Aureobasidium pullulans was
also included in the study and additional seclusion of two PGs and PLs was carried out. At pH
5.0 and 7.5, with temperature 50.8C, the two PGs showed stability while the PLs displayed
greatest soundness at pH 5.0 and 7.5 and at temperature of 40.8C. The additional accounting of
PL from Aspergillus fonsecaeus was seen with stability at pH 5.2. The response was observed
with pairing of PL and PGA pre treated with yeast PG. The ideal pH for PMG was observed to
be approximately 4 for A.niger. The vast majority of the studies conducted contemplated the
dependability of pH and thermal stability by regular enhancement techniques (the stability of
pectinase was learned at consistent pH and various temperature settings and vice versa) .The
collaboration impact amongst pH and temperature is another fascinating viewpoint, which
modifies the security in an unexpected way. Utilizing the reaction surface system, the
collaborative impact of temperature and pH was studied for the stability of three pectinases,
viz., PMG, PG and PL from A.niger.

Focusing on the composite plan, a quadratic model was proposed to determine the optimum
yield of enzyme at ideal temperature and pH conditions. The ideal pH and temperature were
2.23 and 23°C, separately, for PMG, 4.8 and 28°C, individually, for PG and 3.9 and 29°C,
individually, for PL. Stability of PL came out be more than PMG and PG. Measuring states of

14



pH and temperature are not ideal conditions for stability, which is in concurrence with the way
that enzyme activity and strength of pectinases are extraordinary angles. This instigated further
research on synergistic execution of the two enzymes. Deactivation energy has been directed for
both mostly decontaminated PMG and PG and rough proteins. Evaluation of thermodynamic
parameters was done by considering deactivation as first request process. It was observed that
the deactivation entropy is negative for both moderately clarified and pure enzymes. The
negative deactivation entropy is because of basic impacts (unfurling of enzyme) or because of
dissolvable impact (nearness of charged particles around the enzyme). Additional determination
of thermodynamic parameters like enthalpy, free vitality and enactment vitality of deactivation
was also carried out. Deactivation energy was also utilized to study the stability of pectic
enzyme in sweet cherry saline solutions. Authors assessed thermodynamic parameters like
enthalpy and entropy of deactivation in light of first request deactivation rate constants for
unrefined compound arrangements. Furthermore, the cooperation impact between the in part
decontaminated protein fractions was likewise examined. The strength of in part purified PMG
expanded due to the existence of somewhat cleansed PG and the other way around.
Furthermore, the dependability of pectinases was marginally upgraded by the nearness of

potassium particles.
Objective(s)

» Production of the polygalacturonase through Solid State Fermentation utilizing Orange

Pomace as a substrate
» Selection of parameters for polygalacturonase generation.

» Study of impact of pH and temperature on the chemical activity.

15



CHAPTER 3
MATERIALS AND METHODS

3.1 Materials Utilized

The accompanying materials and chemicals were utilized for completing different tests and

analyses.
e PDA Media
-Potato Dextrose Agar (3.9 g).
-Water (upto 100 ml).

® Substrate Utilized

orange pomace was utilized as the substrates. The peels were dried in a hot air oven at 650C for

24 hours and ground utilizing a mortar and pestle.

Figure 3.1. Orange pomace dried to utilize it as a solid substrate in SSF

16



3.2 Fungal strain

The production of Polygalacturonase (PG) by Aspergillus awamori sp. obtained from the

storage units of Jaypee University of Information Technology — MTCC-9644.
3.3 Chemicals utilized

For the Revival of the strains in particular A. awamori MTCC No. - 1344 and A. awamori
MTCC No.- 9644 - Potato Dextrose Broth developed and sustained on - potato dextrose agar
(PDA)

Table 1: Composition of the Czapedox media used

Components Amount(g/l)
Sodium Nitrate 2.5
Potassium dihydrogen sulphate 1
Potassium chloride 0.5
Magnesium sulphate dihydrate 0.5

3.4 Protocols and Techniques
3.4.1 Restoration of culture

The strains sustained in the archive were inoculated in potato dextrose stock and incubated for 3
days at 30 degree Celsius. Streaking of PDA inclines was carried out. Spore suspension was set
up with the inclusion of water in intensely sporulated PDA inclines. Streaking was done within

the span of 3 days so as to keep up fresh cultures.

17



i) ii)
Figure 3.2 i) Restoration of fungal spores by cultivation of the strain Potato Dextrose Broth,

if) Agar slants containing fungal culture

Figure 3.3. Subculturing of the spore containing broth was done to maintain the culture.

18



3.4.2 Solid State Fermentation

Orange pomace was secured for enzyme manufacture. Substrate preparation for Solid state

fermentation was done which incorporated the accompanying advances.
» Drying-dried in a hot air oven at 65°C for 24hrs.

»  Grinding-utilized mortar and pestle.

»  Sieve with mesh size of 60 BSS(2.382-1.41mm) was utilized.

» The peels then were autoclaved at 121°C for sterilization.

Czapek-dox medium with pH 4.0 was blended with 5 g of ground peels in 1:2 proportions
(w/v). 250ml of Erlenmeyer flask was utilized as ferment storage. Autoclaved at 103.42 KPa
weight and 121°C temperature for 20 min. At that point it was cooled. SSF was done by
including 1 ml spore suspension (1x106 spores/ml) of A. awamori to the fermentation flasks.
The flasks were then kept static for brooding at 30 °C for 72 hrs.

3.4.3 Selection of SSF variables
Three parameters were tried that is spore suspension amount, time and temperature.
3.4.3.1 Selection of inoculum volume

Appropriate amount for the optimum production of fungal pectinase was tested by setting up 4

SSF’s with varying amounts of inoculum suspension ranging from .5ml to 2ml with a gap of
.Sml.

3.43.2 Selection of incubation time

The ideal time required for the creation of PG was seen by setting 4 SSFs for each strain with
various hatching time utilizing orange pomace as substrate. Time ranges of 48hr, 76hr, 96hr

and 120h was utilized with a 24hrs distinction of incubation time.
3.4.3.3 Selection of temperature for polygalacturonase generation

The most appropriate temperature required by A. awamori MTCC-9644 and for generation of
PG was tried by putting 4 SSFs at differed temperature. Incubation at: 25 °C, 30 °C, 35 °C
and 40 °C was carried out with a gap of 5°C.

19



Figure 3.4. Selection of optimum temperature for optimum PG activity

3.4.3.4 Substrate and media proportion

The solid to fluid proportion that is the measure of substrate and media utilized for SSF was at
pH 4.5 the Czapek-dox medium [NaNO3 (2.5 g/L), KH2PO4 (1 g/L), KCI (0.5 g/L) and 109
MgS0O4.2H20 (0.5 g/L)] was blended with 5 g of ground peels in 1:2 proportion (w/v) taken

in a 250 ml Erlenmeyer vessel.
3.4.4 Extraction of Enzyme

After the incubation period of 72 hrs,for the extraction of the enzyme, the flasks were
incubated at 30°C for 1 hr subsequent to inclusion of 20 ml of distilled water. Subsequent to
brooding the protein was reaped, the aged slurry was pressed through muslin fabric and the
concentrate was collected. Centrifugation was done at 2200 rpm for 10 min. The subsequent

concentrate was utilized for enzyme assay and protein content determination.
3.4.5 Enzyme Assay

The measure was performed with the pure protein concentrate from the ssf setups which had
been setup utilizing strains mtcc no. 9644.The measurement of enzymatic strength was
performed by the technique for Dong and Wong (2011) with adjustments. A reaction
blend(1ml) containing quantity equivalent to polygalacturonic acid as substrate (1%) arranged

in acetate buffer(ph 4.5) and reasonably diluted enzyme was placed in incubator in water bath
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for 50c for 10 min. After incubation 3ml DNS reagent was added to stop this response and the
tubes were kept for brooding in boiling water (100c) for 15 min. at that point 1 ml of 40% of
Rochelle's salt reagent was included and tubes were then left to cool. In the wake of cooling
the created turbidity was perused spectrophotometrically at 575 nm. The measure of
discharged reducing sugar was evaluated utilizing galacturonic acid as standard. The
enzymatic activity was figured as the measure of compound required to discharge one

micromole of galacturonic acid per min under examination conditions.
3.5 Effect of temperature and pH on enzyme activity

The impact of temperature on the activity of the extricated compound was examined .Ideal
temperature of PG action was investigated via doing examination at different temperatures
(25°C, 30°C, 35°C, 40°C) at pH - 4.5.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Selection of SSF variables for polygalacturonase production

Fermentation conditions (temperature, era, mugginess, weight) are couple of cases of factors
that can impact the sum and the enzyme reduced. Throughout the span of the study, optimal
temperature at pH of 4.5 was being searched at different conditions. Optimum temperature was
found to be 30°C. Mesh size of 60 BSS was employed and the orange pomace was processed

through it.

25°C i)30°C iii)35°C iv)40°C

Figure 4.1. Growth by fungus in Solid state fermentation showing effect of temperature on
pectinase production

4.2 Solid state fermentation setup

Aspergillus awamori MTCC 9644 was developed on apple pomace and orange pomace

utilizing czepek-dox media they developed effectively at 30°C incubated for a period of 72 hrs.
4.3 Extraction of enzyme

The enzyme was effectively separated and it was seen that more measure of unrefined protein
was extricated from aging of orange pomace utilizing muslin fabric and it was centrifuged at
2200 rpm for 10 min.
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4.4 Enzymatic activity measurement

At the point when the measure was performed on the unrefined catalyst that was extricated from
orange SSF, it was seen that compound that was removed from mausambi SSF immunized with

A.awamori (MTCC 9644) showed good productivity.

Table 2. Enzyme activity estimated for crude enzyme through Pectinase assay

Substrate Pectinase enzyme activity(U/ml)

Orange pomace 7

Figure 4.2. Crude enzyme extracted for PG activity estimation

4.5 Selection of inoculum volume, incubation period and temperature on the
polygalacturonase production

Table 3: Selection of inoculums volume for enzyme production

Volume of spore suspension(ml) Enzyme activity (U/ml)
0.5 7

1 8.3

1.5 9.5

2 9.1
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Additionally investigation of the impact temperature had been completed on the filtered protein

separated from SSF vaccinated with Aspergillus awamori (MTCC no. 9644). It was seen that

the enzyme demonstrated most extreme action at spore suspension volume of 1.5, incubation

period of 4 days and at temperature 30°C keeping the pH constant at 4.5.

Figure 4.3. Crude enzyme extracted after incubation at varying volumes of spore
suspension

Table 4. Selection of incubation period on enzyme production

Incubation period Enzyme activity
(U/ml)

46hrs 8.53

72hrs 10.8

96hrs 11.6

120hrs 10.6
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Table 5. Selection of temperature on enzyme production

Temperature (°C) Enzyme activity
(U/ml)

25 S)

30 9.8

35 7.2

40 4.6
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CONCLUSIONS

» Orange pomace boosts the development of A. awamori for the generation of PG.

» SSF gives the fungus common conditions to its development because of which high

development rate is seen.
» Parameters including incubation period, inoculation suspension and temperature that
affected the development rates were optimized.

From the examinations that released the impact value of spore suspension volume at pH 4.5
on the protein activity, the PG compound displayed most extreme action of 9.5(U/ml) at
1.5ml.

» From the examinations that released the impact value of incubation period at pH 4.5 on the
protein activity, the PG compound displayed most extreme action of 11.6(U/ml) at 4™ day
(96 hrs)

» From the examinations that released the impact value of temperature at pH 4.5 on the
protein activity, the PG compound displayed most extreme action of 9.8(U/ml) at

temperature 30°C
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